Experiments with mayfly larvae in a laboratory stream revealed significant differences among settling capabilities of four species. Quantitative measures of overall settling capacity, contribution of morphology and that of behaviour were derived for comparative purposes. Importance of behaviour to re-establishment was greater in species which frequently show die1 drift periodicities than those which do not. Although morphological differences between species were large, mean size of nymphs was more important in determining rates of return of dead animals. Intraspecific variations in the ability of drifting individuals to become re-estab-1ished may partially account for changes in the relative distribution of populations over time.
• From: ADVANCES IN EPHEMEROPTERA BIOLOGY E(lited by John F. Flannagan and K. Eric Marshall (Plenum Publishing Corporation, 1980) INTRODUCTION Several workers have investigated the pattern in which invertebrates released into running water return to the substrate (Madsen 1968 , McLay 1970 , Elliott 1971 , McKone 1975 . All have found that a fixed proportion of animals introduced into the water column settle to the bottom for every unit of time or distance which passes. The greater the current velocity, the longer *Present address: Zoology Department, University of Alberta Edmonton, Alberta, Canada. T6G 2E9 321 re-establishment takes or the farther the animals travel before all have settled. Elliott (1971) observed that live animals settle more quickly than dead individuals, and that settling capabilities differ between species. Elliott attributed this to behavioural dissimilarities since settling rates did not vary among dead individuals of different species.
Our study was conducted to evaluate settling rates of four mayfly species and to estimate the relative importance of behaviour to the settling ability of each.
METHODS

All experiments were conducted in an artificial stream which was housed within an environmental chamber maintained at SoC. The elliptical stream was constructed of Plexiglass and powered by an
Archimedes' screw . Individuals released in the stream settled and remained only where a 15 x 30 em area of . sieved gravel (16-23 mm) was placed on the stream bottom. Water depth was 28.5 cm. March, 1977 . Experiments consisted of introducing 50 live nymphs into the stream and recording the number suspended within the water column at one-minute intervals until 90 percent of the individuals had settled. This was determined by counting the number of animals which passed a fixed point in the stream during a time interval required for a hypothetical individual to complete one circuit of the stream at a particular current velocity. Independent trials were run for each species at mean current velocities of 10, 15, 20, 25, and 26.8 cm/sec. Three replicates were conducted at each velocity. Individuals from each trial were killed in Kahle's fluid and experiments were repeated with the dead insects. Mean head widths of the four species at time of testing are given in Table 1 .
RESULTS
Rates of settling for each trial were determined by using regression analysis to predict the relationship between the natural. logarithm of the number of animals no longer in suspension and the estimated number of times individuals had passed over the substrate. (rS) for that trial.
Replicated least-squares regression analysis was then used to test the relationship between rS and current velocity for each species. Logarithmic transformations of both variables gave the best regressions in all cases. Slopes of the regressions for live
and dead animals of each species were significantly different (analysis of covariance, Table 1 ).
Visual examination of the curves (Fig. 1) suggests that some species were more capable that others of returning to the substrate at any given current velocity. Analysis of covariance indicated that there were significant differences among species in both live and dead insect trials ( This provides a numerical index of the insects' capabilities of settling over the entire range of current velocities tested, which we call the settling capacity (SC).
Similarly, by calculating the area beneath the curve for dead insect trials of each species, one can determine that portion of the SC due to morphological characters (MC). The area between these two curves (SC -MC) must therefore be the contribution of behaviour to the SC. We term this the behavioural scope for settling (BC) after Fry (1947) who used a similar method to determine physiological tolerances of fishes.
These values permit calculation of the relative contribution of behaviour to the SC of an organism, or behavioural index (BI), i.e. BI = BC • SC. as well as values calculated from field rS data of Elliott (1971) . Elliott pooled the regressions of his dead invertebrate trials and all indices from his data have been determined using this single value. ** for all Plecoptera *** for GlossoBoma spp.
To provide a comparative measure of the relationship between BI and behavioural drift tendencies of the taxa studied, we undertook a search of the North American drift literature. We tabulated by genus the total number of published accounts of taxa taken in 56 drift studies. The percentage of these citings for which diel drift periodicities were reported was used as an index of how prevalent behavioural drift is in that genus (Table 2) . A Spearman's rank correlation test was performed and showed a significant association (r = 0.55, P <0.05) between BI and the relative frequency of diel drift periodicities.
DISCUSSION
There appears to be a general correlation between BI and the reported tendency for the various organisms studied to show diel drift periodicities. Baetis spp. and Gammarus frequently exhibit strong behavioural drift patterns. Our data indicate that both have high BI and among the greatest overall SC (Table 2) . Other animals (EphemereZZa, Ecdyonv~B, ParaZept ophZebia) are intermediate both in BI and in their reported tendency to drift, whereas PIe coptera, Simuliidae, Chironomidae and Elmidae have conspicuously lower indices and, with the exception of the elmids. are less likely to show diel periodicities (Adamus and Gaufin 1976) . Thus, species most prone to drift consistently may also be those best able to remove themselves from the drift. This suggests that behavioural drift may be more than the result of accidental displacement from vulnerable positions on the substrate (Stein 1972) .
Our estimates for E. subvaria in November and March suggest that SC decreased through time, even though MC remained virtually unchanged. In March, the curve for live and for dead insects intersected at about 26 em sec-I, and at this point a live insect is no better at settling than its dead counterpart. This contrasts with a much greater estimated point of intersection for the November experiments. We would predict that, given an equal propensity to drift, older and large E. subvaria nymphs would tend to become more concentrated in slower water areas than young smaller larvae (perhaps reducing mortality during emergence). In fact, older E. subvaria in the laboratory are considerably more prone to drift than are young ones (Ciborowski 1979) . Kovalak (1978) however found no differences in relative sizes of E. subvaria nymphs among fast and slow water areas in the Pigeon River, Wisconsin; and greater numbers were consistently located in the fast water area '.
at all times of the year. Perhaps differences, if they exist, would be more apparent along a stream margin-to-centre gradient than along an upstream-downstream gradient (Waters 1972 ).
The four mayfly species which we examined were of widely different morphological forms. B. vagans is a streamlined animal, E. subvaria and E. invaria are thick-bodied, and P. moZZis is dorsoventrally flattened. We had initially hypothesized that such variety in body shape might differently affect the contribution of Me to the SC of each species. However, variations in Me may be almost completely the result of dissimilarities in the size rather than the shape of the animals tested. MC appeared to be closely correlated (r =0.96, P <0.05) to the mean head width of the animals tested. This relationship, if valid for all aquatic invertebrates, is of significance in interpreting field drift data. Several workers (Clifford 1972 , Stein 1972 , Waters 1972 , Reisen 1977 have reported on variations in the abundance of animals of different sizes in the drift. In instances where behaviour makes a minimal contribution to SC (e.g. Chironomidae, Simuliidae; Table 2 ) smaller individuals may, rather than being more prone to entrainment in the drift, simply take longer to resettle and are therefore more likely to be captured in a net than larger animals.
Our analysis of settling was concerned only with the influence of a single variable (current velocity) on the settling abilities of mayflies, but this type of analysis need not be so restricted.
Luedtke and Brusven (1976), Corkum et aZ. (1977) , and Walton (1978) have all shown that different substrate types can also influence the drift and (or) settling of invertebrates. By performing the appropriate series of experiments, substrate type could be added to the analysis as a second independent variable to provide a similar measure of SC and the importance of behaviour. Indeed, any number of parameters could be incorporated and indices defined to give an overall estimate of the importance of behaviour and morphology of a species to its re-establishment on the substrate. Such estimates would be quantitatively comparable to values obtained for other species examined in the same way. Furthermore, regression curves used to estimate indices can be integrated over selected intervals of the independent variables to assess the probability of animals becoming established in particular habitats. Thus, one could predict possible changes in the distribution of animals within a stream as a result of drift and subsequent resettling.
